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Abstract 
Passivated emitter and rear (PERC) solar cells can show void formation within their metallized local rear contact. It is known that 
voids can cause enhanced rear side recombination. In this work, we present a study on void related current losses and the 
correlation to the local Al-doped silicon layer which forms the back-surface field (BSF) at the rear contact. At first, void related 
current losses have been quantitatively evaluated. By further microstructural investigation at lengthwise prepared rear contacts, a 
method for the analysis of BSF thickness distribution was developed. It turned out that BSFs within voids can vanish on both, 
small and large length scales. Regions with voids can be well passivated and result therefore in negligible current losses. The 
presented approach allows the quantitatively assessment of PERC solar cell rear contacts in terms of total current losses and void 
ratio. 
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1. Introduction 
Laser contact opening (LCO) of the dielectric rear side passivation layer with subsequent screen-printing and 
firing is the most promising processes to produce PERC solar cells on industrial scale. It is known that void 
formation at the rear side contacts of the silicon solar cell can occur [1 - 3]. Voids can cause enhanced rear-side 
recombination currents due to a strongly reduced BSF thickness [4]. Adapted firing processes and new pastes have 
been shown to be suitable to prevent the void related electrical losses [5]. Nevertheless, confinement in processes 
and materials limit the degree of freedom in cell processing. To handle these limitations in production, an efficient 
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monitoring and detailed knowledge of void formation is needed. One important aspect is the locally varying 
reduction of the Al-doped silicon layer on a solar cell. Correlations of light-beam induced current (LBIC) and 
scanning acoustic microscopy (SAM) images have shown that the majority of the voids exhibit recombination active 
as well as recombination inactive parts. Usually, the thickness of the BSF has been measured at cross-sections 
perpendicular to the rear contact which represents only a single and random measurement and is therefore not 
favorable for a detailed analysis.  
2. Experimental 
In this work p-type multi-crystalline PERC solar cells have been investigated. The PERC cells were fabricated 
with a standard industrial production process using a laser contact-opening and screen-printing process. A modified 
firing condition was applied to force void generation. Initially, the cells have been characterized by LBIC 
measurements with the LOANA tool by pv-tools and by SAM imaging. Regions of interest (ROI) on the cell have 
been defined and measured with high spatial resolution. Afterwards, lengthwise polish preparation has been 
performed to expose single rear contact lines on length scales up to approximately 2 cm (Fig. 1). The cross-sections 
have been investigated by scanning electron microscopy (SEM) using a Hitachi SU-70 SEM.  
 
 
Fig. 1. (a) Scheme of a lengthwise cross-section and (b) a corresponding SEM picture at a position were a filled contact is present. The doping 
contrast (equal to local BSF area) has been colored green to intensify the contrast.  
3. Rear contacts with void formation 
3.1. Recombination active voids – localization 
In order to investigate recombination active voids, LBIC and SAM images have been recorded at the same ROI 
of the solar cell. Figure 2 (a) shows superposition of a SAM image and a LBIC image. The superposition allows the 
local correlation of structure and electrically affected positions. For visualization the LBIC signal was inverted and 
colored in red. Therefore, red colors in Fig. 2 (a) indicate a low LBIC signal which is caused by voids with enhanced 
local recombination as well as shadowing by fingers or other recombination active sites. Enhanced recombination 
active voids appear locally at mm (Fig. 2) or extended at cm scales (Fig. 4). A detailed analysis of recombination 
active sites along the PERC contacts indicates that void sites show areas with both, low and enhanced 
recombination. 
A part of Fig. 2 (a) marked by dashed lines, has been investigated by SAM at higher magnification (Fig. 2 (b)). 
Here, SAM allows a precise determination of void positions and lengths with a lateral resolution of approximately 
50 μm. Voids appear clearly as bright horizontal lines and filled contacts as dark horizontal lines. The grid fingers of 
the cell are perpendicular to the rear contacts and interfere only at small fractions of the investigated sample. The 
void ratio can be quantified for any area under investigation by measuring the void and the filled contact length. A 
rear contact length of 64.3 cm has been studied regarding filled and void contacts for the analysis of the void ratio at 
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the position of Fig. 2 (a). The length of the voids sums up to 40.5 cm which corresponds to a void ratio of 63 % for 
the investigated cell part.  
 
A detailed SAM, LBIC and SEM analysis of a rear contacts is shown in Fig. 3 (a). This allows the spatial 
correlation of void positions (SAM) with locally enhanced recombination (LBIC) as well as the BSF thickness 
(SEM). The upper part of Fig. 3 (a) is a superposition of SAM and LBIC (red) of one particular rear contact, taken 
from Fig. 2 (a). Below, the LBIC intensity along the rear contact is plotted as a blue line. The red curve corresponds 
to the LBIC signal after smoothing to remove grid finger shadowing (see description in the section of Fig. 4). Each 
yellow marker represents SEM measurements of the local BSF thickness for the given position. Gray colored areas 
in the back ground of the graph indicate void positions deduced from the SAM information.  
It is obvious that filled contact positions do not show any significant decrease in LBIC (left axis) or in the BSF 
thickness (right axis). The BSF thickness is around 2 – 2.5 μm. For void positions the measured BSF thicknesses 
scatters strongly from 2.3 μm down to 0.5 μm. Sometimes voids maintain a thick BSF over several mm. In other 
 
Fig. 2. (a) Superposition of SAM and LBIC (red) measurement where red color corresponds to a low LBIC signal. The green marked area is 
magnified in (b) and shows exclusive the SAM information. 
 
Fig. 3. (a) Local correlation of SAM image, (averaged) LBIC, and BSF thickness. Void affected positions are shaded. (b) Averaged LBIC 
intensity from (a) as a function of the measured BSF thickness. 
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cases, the BSF thickness drops quickly within a distance of several 10 μm. The root cause for the variations in BSF 
thickness is not yet understood.  
In Fig. 3 (b) the local LBIC intensity (red curve) has been plotted against the local BSF thickness. The correlation 
between the LBIC signal and the measured BSF is not as clear as expected compared to results of point contacts by 
Müller et al. [4]. However, it becomes clear that filled contact regions with high LBIC intensity corresponds to a 
BSF thickness around 2μm. At void position the BSF thickness is in general below 1μm. However, the LBIC 
intensity may be undisturbed. This can be related to the 3 dimensional shape of the BSF layer covering the bottom 
and sides of a void as observed perpendicular cross-sections [6]. Summarizing we conclude that a BSF thicknesses 
below ~1 μm increases the potential for enhanced recombination. At strong recombination active voids the BSF 
thickness will be clearly below 500 nm.  
3.2. Recombination active voids – quantification  
An approach based on LBIC measurements and numerical data analysis has been developed for quantification of 
void related efficiency losses. Figure 4 (a) shows a LBIC measurement at 980 nm wavelength. Grid finger structures 
are perpendicular and rear contacts are horizontally aligned. LBIC intensities of all individual rear contact lines have 
been extracted. Figure 4 (b) exhibits the LBIC-signal of a single rear contact position (red frame) as a blue line. It 
can be observed that the LBIC-signal is periodically reduced at the grid finger positions. To distinguish these 
spatially localized signal reductions from the drop in signal due to the voids, the LBIC signal has been smoothed, 
see red line in Fig. 4 (b). For further quantification of the losses, electrically active void positions (region marked by 
gray dotted lines in Fig. 4 (b)) are identified by a defined drop in the averaged LBIC profile. In order to simulate the 
current of the rear contact in absence of the detected voids, we model the rear contact current at void positions by 
the average value of the void-free regions. Thus, the model current approximates the current for an electrically 
unaffected rear contact. The current loss for a given rear contact is then obtained by the difference between the 
measured current based on the LBIC signal and the modelled current. For Fig. 4 (a), all contact lines have been 
evaluated in this manner. Furthermore, the ratio of contact areas and areas between the rear contacts was taken into 
account. Thus, a total current loss of approximately 0.3% at 980 nm and 0.2% at 960 nm has been calculated. The 
current loss for wavelengths below 800 nm was found to be negligible. Total spectral-resolved current losses from 
electrically active voids sum up to less than 0.1%. This implies that the current losses due to rear contact voids can 
be rather small even in the presence of extended voids for the investigated PERC solar cell. 
 
 
Fig. 4. (a) LBIC mapping at 980 nm wavelength and (b) LBIC profile and calculated model currents for electrical active void positions of a rear 
contact. 
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4. Conclusions 
In this work, SAM, LBIC and cross sectional SEM data of voids at PERC rear contacts has been acquired and 
quantitatively evaluated in order to characterize the local BSF thickness, void size and area fraction as well as 
recombination activity. A spatially correlative approach has been used to determine the interaction between BSF 
thickness and electric losses. Furthermore, an estimate of the expected electrical losses has been calculated for the 
investigated solar cell layout.   
Void size and location can be easily determined from SAM data. LBIC indicates recombination active regions of 
individual voids. Both non-destructive methods together allow a quantification of void affected area fractions as 
well as recombination active void area fractions of the complete solar cell. It has been shown that voids do not 
necessarily exhibit increased recombination compared to filled contacts. A BSF thickness analysis of cross sectional 
SEM investigations has been spatially correlated with LBIC data. The risk for enhanced recombination increases for 
BSF thickness below 1 μm. 
Furthermore, we addressed the impact of recombination active voids on current losses. The current losses at solar 
cell level have been approximated by a simple evaluation of spectral-resolved LBIC images. The result implies that 
the total current loss due to enhanced recombination active voids is rather small (< 0.1%) for the investigated PERC 
solar cell layout.  
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